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HYLGHQFHV LPSO\ WKDW UHDOWLPH PRQLWRULQJ DQG DQDO\VLV RI WKH SK\VLRORJLFDO VWDWXV VXFK DV PHQWDO DQG EDODQFH
FRQGLWLRQRIZRUNHUVFRXOGKHOSLGHQWLI\IDOOSRUWHQWVDQGWKXVSUHYHQWIDOOVIURPKDSSHQLQJ

5HDOWLPH SK\VLRORJLFDO PRQLWRULQJ DQG DQDO\VLV KDYH EHHQ H[WHQVLYHO\ VWXGLHG DQG HYDOXDWHG
(OHFWURHQFHSKDORJUDSK\ ((* FDQ LQGLFDWH WKH PHQWDO FRQGLWLRQ LQFOXGLQJ IDWLJXH GURZVLQHVV DWWHQWLRQ DQG
DOHUWQHVV5HVHDUFKHUVKDYHVXFFHVVIXOO\DSSOLHG((*PRQLWRULQJWRGHWHFWGULYLQJIDWLJXHLQDLUFUDIWSLORWVDQGFDU
GULYHUV >@%\FRQWUDVWPRWLRQVHQVRUV VXFKDV DFFHOHURPHWHUV DQGJ\URVFRSHVFDQ UHSUHVHQW WKHGHJUHHRIERG\










VHQVRUV XVLQJ %OXHWRRWK RU :L)L DQG WUDQVPLW WKH GDWD WR D PRQLWRULQJ VHUYHU >@ 6WRSF]\QVNL HW DO >@
GHYHORSHG D VPDUWSKRQH WKDW GLVSOD\HG UHDOWLPH LPDJHV RI EUDLQ DFWLYLW\ 6]X HW DO >@ SURSRVHG D ZLUHOHVV
UHDOWLPHDQGVPDUWSKRQHEDVHG((*V\VWHPIRUKRPHFDUHDSSOLFDWLRQV

$OWKRXJK VHYHUDOPRQLWRULQJ WHFKQLTXHV KDYH EHHQ SURSRVHG WR LPSURYH VDIHW\ RU MREVLWHPDQDJHPHQW XVLQJ
ORFDWLRQWUDFNLQJHJ5),'DQG*36RUSDWWHUQUHFRJQLWLRQWHFKQRORJLHVHJ33(DQGZRUNHULQVSHFWLRQWKHVH
WHFKQRORJLHV FDQQRW GHWHUPLQH ZKHWKHU D ZRUNHU LV ORVLQJ DZDUHQHVV RU EDODQFH 7KH LQDELOLW\ WR PRQLWRU WKH
SK\VLRORJLFDOVWDWXVRIZRUNHUVPDNHVMREVLWHVDIHW\PDQDJHPHQWGLIILFXOWLPSO\LQJWKDWZRUNHUVFRXOGEHODERULQJ
XQGHULQDSSURSULDWHRUHYHQGDQJHURXVSK\VLRORJLFDOFRQGLWLRQVZLWKRXWWKHLUVXSHUYLVRUNQRZLQJLW7KXVWKHORVV
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RI DZDUHQHVV DQG EDODQFH FDQ EH DSSURSULDWH VLJQV IRU IDOO SRUWHQWV ,QGHHG VRPH UHVHDUFKHUV KDYH VXFFHVVIXOO\
GHWHFWHG WKHPHQWDO VWDWXV RI GULYHUV DVZHOO DV IDOO DPRQJ WKH HOGHUO\ DQG SDWLHQWV 6XFK UHVXOWV KDYH SURYLGHG
YDOXDEOHLQIRUPDWLRQIRUGHYHORSLQJDUHDOWLPHSHUVRQDOVDIHW\PRQLWRULQJV\VWHPLQDFRPSOH[HQYLURQPHQWVXFK
DVWKHFRQVWUXFWLRQLQGXVWU\ZKLFKIHDWXUHVQXPHURXVZRUNHUVLQWHUDFWLQJLQDZLGHDUHDZLWKFRQWLQXRXVPRYHPHQW
DQG D FRQVWDQWO\ FKDQJLQJ HQYLURQPHQW 7KLV SDSHU SUHVHQWV D IUDPHZRUN IRU GHYHORSLQJ D SHUVRQDO VDIHW\















VXSHUYLVRU LI DQ LQDSSURSULDWH DFWLRQ RU XQVDIH VWDWXV RFFXUV 7KH LQGLYLGXDO GDWD RI HDFK ZRUNHU RI D FUHZ LV
WUDQVPLWWHG WR WKH IRJ VHUYHU DV D GDWD ORJJHU WKURXJK:L)L RU%OXHWRRWK IRU IXUWKHU DQDO\VLV(DFK IRJ VHYHU LV
UHVSRQVLEOHIRUDQDO\]LQJWKHFUHZGDWDDVDJURXSDQGDGMXVWLQJWKHZDUQLQJWULJJHUWKUHVKROGIRUWKHFUHZZKHQ
QHFHVVDU\7KHIRJLVLQWURGXFHGWRWKHV\VWHPDVDQLQWHUPHGLDWHOD\HUWRVFDOHGRZQWKHUHDOWLPHGDWDWKDWQHHGVWR
EH PDQDJHG E\ WKH FORXG >@ 7KH IRJ DOVR VHUYHV DV D VHOIOHDUQLQJ XQLW WKDW FRQWUROV WKH ULVN SURILOH RI WKH
FRUUHVSRQGLQJFUHZDFFRUGLQJWRWKHLQYROYHGWUDGHVRSHUDWLRQVDQGHQYLURQPHQWDQGWKXVWKHH[SRVHGULVNVYDU\
IRUHDFKFUHZDQGGLIIHUHQWZDUQLQJWKUHVKROGVPD\EHQHFHVVDU\IRUGLIIHUHQWFUHZV7KHGDWDRIDOOIRJVDUHWKHQ
WUDQVPLWWHG WR WKH FORXG VHUYHUZKLFK FRXOGEH DSRUWDEOH FRPSXWHU VHUYHU$GGLWLRQDO LQGHSWK DQDO\VHV VXFK DV
WUHQGDQDO\VLVRUFURVVDQDO\VLVFDQEHSHUIRUPHG

7KH ULVN SURILOH RI HDFK IRJ HIIHFWLYHO\ FRQWUROV WKH FRUUHVSRQGLQJ ZDUQLQJ PHFKDQLVP E\ FRQVLGHULQJ WKH
LQGLYLGXDOKHDOWKFRQGLWLRQDQGFKDUDFWHULVWLFVRIWKHLQYROYHGWUDGHVRSHUDWLRQVORFDWLRQDQGZRUNLQJHQYLURQPHQW
)RU H[DPSOHZRUNHUV DWKLJK HOHYDWLRQVKDYH DJUHDWHU ULVN WR VXIIHU IDOO DFFLGHQWV WKDQGR WKRVHRQ WKHJURXQG
2OGHU ZRUNHUV KDYH D ORQJHU UHVSRQVH WLPH WKDQ GR \RXQJ ZRUNHUV 7KXV WKH ZDUQLQJ PHFKDQLVP VKRXOG EH
DGMXVWHGFRUUHVSRQGLQJO\IRUPRQLWRULQJWKHPRYHPHQWDQGEDODQFHFRQGLWLRQRIZRUNHUVDWKLJKHOHYDWLRQVRUWKH
((*RIROGHUZRUNHUV$VWKHWUDGHVRSHUDWLRQVDQGZRUNHQYLURQPHQWFKDQJHGXULQJWKHFRQVWUXFWLRQSURFHVVWKH
IRJ DXWRPDWLFDOO\ LPSURYHV WKH DFFXUDF\RI WKHZDUQLQJPHFKDQLVP DFFRUGLQJ WR WKH ULVN SURILOH XSGDWHGE\ WKH
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)LJ&ORXG-REVLWH0RQLWRULQJ6\VWHP
7KLV SDSHU GHVFULEHV WKH RQJRLQJ GHYHORSPHQW RI WKH SURWRW\SH RI WKH SURSRVHG UHDOWLPH SHUVRQDO VDIHW\
PRQLWRULQJV\VWHPFRQVLVWLQJRIDQ((*KHOPHWPRWLRQVHQVLQJYHVWDQGVPDUWSKRQHZKLFKFDQSUHGLFWSRWHQWLDO
IDOOVE\LGHQWLI\LQJWKHIDOOSRUWHQWVRIDFRQVWUXFWLRQZRUNHUZKRZHDUVLWDQGQRWLI\WKHZRUNHUDQGVXSHUYLVRULI
QHFHVVDU\ WRSUHYHQW IDOOV$VGHSLFWHG LQ)LJ  D FRQVWUXFWLRQZRUNHU LVQRUPDOO\ UHTXLUHG WRZHDU VDIHW\JHDU
LQFOXGLQJ D KHOPHW YHVW DQG EHOW 9DULRXV VHQVRUV VXFK DV ((* VHQVRUV DFFHOHURPHWHUV J\URVFRSHV RU D
VPDUWSKRQHFDQEHDWWDFKHG WR WKLVJHDU7KHVH VHQVRUV FDQGHWHFW WKHSK\VLRORJLFDO FRQGLWLRQRI WKHZRUNHU DQG











PD\ DGMXVW WKH ZRUN VFKHGXOH RU WDVNV DVVLJQHG WR IDOOSURQH ZRUNHUV 1HYHUWKHOHVV WKH G\QDPLF QDWXUH RI WKH
ZRUNLQJFRQGLWLRQVHJFKDQJHDEOHZRUNSODFHVDQGKLJKPRWLRQDFWLYLWLHVRIFRQVWUXFWLRQZRUNHUVLVVXEVWDQWLDOO\





DQG WKHLU UHTXLUHGVDPSOLQJ UDWHVDUH+]DQG+] UHVSHFWLYHO\+RZHYHUPRVWVPDUWSKRQHVFRXOGSURFHVV
RQO\ WKHPRWLRQVHQVRUGDWDXVLQJ WKUHVKROG DOJRULWKPV EXW FRXOGQRWSURFHVV WKHQXPHURXV((*GDWD XVLQJ WKH
FRUUHVSRQGLQJ IDVW )RXULHU WUDQVIRUP DQDO\VLV UHVXOWLQJ LQ D VXEVWDQWLDO GHOD\ $OWKRXJK IHZ VPDUWSKRQHV FRXOG
SURFHVV ERWK ((* DQG PRWLRQVHQVRU GDWD WKH SRZHU FRXOG RQO\ EH PDLQWDLQHG IRU DSSUR[LPDWHO\  PLQ ,Q
VXPPDU\ PRVW FXUUHQW VPDUWSKRQHV DUH FDSDEOH RI GHDOLQJ ZLWK PRWLRQ VHQVRU GDWD KRZHYHU WKH\ DUH QRW
DSSURSULDWHIRUSURFHVVLQJ((*GDWDEHFDXVHRIOLPLWDWLRQVLQWKHFRPSXWLQJDQGEDWWHU\FDSDFLWLHV7KHUHIRUHRXU
SURWRW\SHXVHVDVPDUWSKRQHWRFROOHFWDQGDQDO\]HPRWLRQGDWDDQGXVHVDGDWDORJJHUWRGLUHFWO\FROOHFW((*GDWD




WKH SDUWLFLSDQW WR GHWHFW WKH IDOO SRUWHQWV 7KH VPDUWSKRQH LQFOXGHG DQ DFFHOHURPHWHU /,6'/ J\URVFRSH
/*'SURFHVVRUZLUHOHVVUHFHLYHUDQGDODUPZLWKERWKVRXQGDQGYLEUDWLQJDELOLWLHV

7KUHVKROG DOJRULWKPV KDYH UHFHLYHG FRQVLGHUDEOH DWWHQWLRQ LQ WKH ILHOG RI IDOO GHWHFWLRQ DQG GDLO\DFWLYLW\
PRQLWRULQJEHFDXVHRI WKHLUVLPSOLFLW\DQGPLQLPXPFRPSXWLQJSRZHUUHTXLUHPHQWV)XUWKHUPRUH WKHDOJRULWKPV
FDQ DFFXUDWHO\ UHSUHVHQW WKH GHJUHH RI VZD\ DQG DUH WKXV VXLWDEOH IRU GHWHFWLQJPRWLRQ 7KH WDUJHW GHWHFWLRQ LV
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GHWHUPLQHG EDVHG RQ ZKHWKHU WKH YDOXH RI WKH IRUPXOD IRU SURFHVVLQJ VHQVRU GDWD HJ DFFHOHURPHWHUV DQG
J\URVFRSHV H[FHHGV WKH WKUHVKROG 7KH ZHLJKW RI HDFK GDWD DQG WKUHVKROG PD\ GLIIHU IRU GLIIHUHQW WDUJHW XVH
VFHQDULRV :H DGRSWHG WKUHH WKUHVKROG DOJRULWKPV DFFHOHURPHWHUEDVHG J\URVFRSHEDVHG DQG K\EULGEDVHG
DOJRULWKPV)RUWKHVDNHRIEUHYLW\WKLVSDSHUSUHVHQWVRQO\WKHRSWLPDOSHUIRUPHULQRXUH[SHULPHQWZKLFKZDVWKH
DFFHOHURPHWHUEDVHGWKUHVKROGDOJRULWKPRULJLQDOO\SURSRVHGE\.DUDQWRQLVHWDO>@DVVKRZQLQ(T 
 ZYXa AAAvectormagnitudesignalSVM ++=                                    
ZKHUH$;$<DQG$=DUHWKHDFFHOHUDWLRQLQWKH[\DQG]D[HVUHVSHFWLYHO\

7KHDSSOLFDWLRQFRQVLVWHGRI UHFRUGLQJFDOFXODWLQJZDUQLQJDQG WUDQVPLWWLQJPRGXOHV7KHDUFKLWHFWXUHRI WKH
V\VWHP LV LOOXVWUDWHG LQ )LJ  7KH UHFRUGLQJ PRGXOH DFTXLUHV UDZ GDWD IURP WKH EXLOWLQ DFFHOHURPHWHU DQG






)LJ$UFKLWHFWXUHRIWKHSKRQHEDVHGV\VWHP                                            
7KHZDUQLQJPRGXOH LV DFWLYDWHGZKHQ WKH690DYDOXH H[FHHGV WKH FRUUHVSRQGLQJ WKUHVKROG )XUWKHUPRUH WR
FRQWUROWKHDODUPVHQVLWLYLW\WKHXVHUFDQDGMXVWWKHWKUHVKROGGHSHQGLQJRQWKHW\SHRIMRE1HYHUWKHOHVVDGMXVWLQJ
WKH WKUHVKROG UHVXOWV LQ D WUDGHRII EHWZHHQ DFFXUDF\ DQG D IDOVHGHWHFWLRQ UDWH 7KH UHVXOWV RI WKH H[SHULPHQW
GHVFULEHG LQ WKHQH[W VHFWLRQDSSOLHG WKH WKUHVKROGZLWK WKHRSWLPDO DFFXUDF\7KH WUDQVPLWWLQJPRGXOH VHQGV WKH
VWRUHGGDWDWRDPRQLWRULQJVHUYHUWKURXJK:L)LRU%OXHWRRWKIRUDGYDQFHGDQDO\VLVLQYROYLQJPXOWLSOHZRUNHUV

)LJXUH  SUHVHQWV WKH LQWHUIDFH RI WKH$SS LQFOXGLQJ WKH ³6WDUW*XDUGLQJ´ DQG ³2SWLRQV´ SDJHV ,Q WKH ³6WDUW
*XDUGLQJ´  SDJHV )LJ  GDWD UHFRUGLQJ FDQ EH DFWLYDWHG RU WHUPLQDWHG E\ FOLFNLQJ WKH ³6WDUW´ DQG ³6WRS´
EXWWRQV 7KH WUDIILF OLJKW LFRQV G\QDPLFDOO\ GLVSOD\ WKH UHDOWLPH FDOFXODWLRQ UHVXOWV RI WKH WKUHH DOJRULWKPV
GHSHQGLQJ RQ KRZPXFK WKH WKUHVKROG RI WKH 690D YDOXH LV H[FHHGHG:KHQ WKH 690D H[FHHGV WKH IDOOSURQH
WKUHVKROGWKHOLJKWEHFRPHVUHGDQGVHQGVRXWDVRXQGZDUQLQJZLWKYLEUDWLRQ:KHQWKH690DUHDFKHVRIWKH





SDJHV )LJ  )RU LQVWDQFH FKDQJLQJ WKH HPDLO DGGUHVV WR ZKLFK WKH GDWD LV VHQW DFWLYDWLQJ ERWK WKH
DFFHOHURPHWHU DQG J\URVFRSH DGMXVWLQJ WKH VDPSOLQJ UDWH LH  V DSSUR[LPDWHO\ HTXDOV    +]
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:H GHVLJQHG DQ H[SHULPHQW WR HYDOXDWH WKH HIIHFWLYHQHVV RI WKH VPDUWSKRQHEDVHG GHWHFWLRQ V\VWHP 7KH
H[SHULPHQWVLPXODWHGDFRQVWUXFWLRQZRUNLQJHQYLURQPHQWZKHUHDSDUWLFLSDQWFDQSHUIRUPDGHVLJQDWHGWLOLQJWDVN











)RXU JUDGXDWH VWXGHQWV IURP WKH FRQVWUXFWLRQ PDQDJHPHQW SURJUDP RI WKH 1DWLRQDO &KLDR7XQJ 8QLYHUVLW\
YROXQWHHUHG WRSDUWLFLSDWH LQ WKH H[SHULPHQWV(DFKSDUWLFLSDQWZDV UHTXLUHG WRSHUIRUP WKH WLOLQJ WDVNXQGHU IRXU
GLIIHUHQWVWDWXVHVLHQRUPDOIDWLJXHVOHHSLQHVVDQGLQHEULDWLRQ7RDFKLHYHWKHVHVWDWXVHVWKHSDUWLFLSDQWVZHUH






&ROXPQE7KH IDOVHGHWHFWLRQ UDWH LV WKHQXPEHURI LQFRUUHFW GHWHFWLRQV &ROXPQGGLYLGHGE\ WKHQXPEHURI
ZDUQLQJV %DVHG RQ WKH DFFXUDF\ UDWH IRU HDFK VWDWXV WKH DOJRULWKP H[KLELWHG D VDWLVIDFWRU\ DFFXUDF\ IRU WKH
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VOHHSLQHVVDQGIDWLJXHVWDWXVHVDPHGLRFUHDFFXUDF\IRUWKHQRUPDOVWDWXVDQGWKHORZHVW
DFFXUDF\ IRU WKH LQHEULDWLRQ VWDWXV  7KH DOJRULWKP DWWDLQHG DQ RYHUDOO DFFXUDF\ UDWH RI  ZLWK D
IDOVHGHWHFWLRQ UDWHRI7KLVUHVXOW LQGLFDWHG WKDW WKH WLOLQJZRUNUHODWHGPRWLRQVKDGD OLPLWHG LPSDFWRQ WKH


















1RUPDO      
6OHHSLQHVV      
)DWLJXH      
,QHEULDWLRQ      





VZD\V7KH UHJXODUPRWLRQVRI WKHSDUWLFLSDQWVGHFUHDVHGXQGHU WKH VOHHSLQHVVDQG IDWLJXHVWDWXVHV LQFUHDVLQJ WKH
GLIIHUHQFH EHWZHHQ WKH ZRUNUHODWHG VZD\V DQG IDOOSRUWHQW VZD\V &RQVHTXHQWO\ XQGHU VXFK FRQGLWLRQV LW ZDV
HDVLHUIRUWKHIDFLOLWDWRUWRLGHQWLI\WKHIDOOSRUWHQWVDQGGHILQHWKHPDVWKHWDUJHWV8QGHUWKHQRUPDODQGLQHEULDWLRQ
VWDWXVHVWKHGLIIHUHQFHEHWZHHQWKHZRUNUHODWHGVZD\VDQGIDOOSRUWHQWVZD\VZDVQRWVRREYLRXVIRUWKHIDFLOLWDWRU
$V D UHVXOW VRPH IDOO SRUWHQWVPLJKW KDYH QRW EHHQ LGHQWLILHG DV WDUJHWV ,I WKHVH IDOO SRUWHQWVZHUH LQFOXGHG DV






KRUL]RQWDO OLQHDQGH[KLELWLQJIRXU LGHQWLILHGSRUWHQWVPDUNHGZLWKUHGGLDPRQGV2EYLRXVO\ WKHDOJRULWKPFRXOG
GHWHFWDOOIDOOSRUWHQWV+RZHYHUWKHDOJRULWKPDOVRJHQHUDWHGWKUHHIDOVHDODUPV





)DOO DFFLGHQWV KDYH EHHQ LGHQWLILHG DV WKH OHDGLQJ FDXVH RI IDWDOLWLHV LQ WKH FRQVWUXFWLRQ LQGXVWU\ IRU VHYHUDO
GHFDGHV3UHYLRXVVWXGLHVKDYHLQGLFDWHGWKDWORVVRIDZDUHQHVVDQGEDODQFHLVWKHPDMRUFDXVHRIVXFKLQMXULHVDQG
IDWDOLWLHVDQGVHYHUDOUHVHDUFKHUVKDYHVXFFHVVIXOO\GHWHFWHGWKHPHQWDOVWDWXVRIGULYHUVDVZHOODVWKHIDOODPRQJ





WUDQVPLWWHG WRDVPDUWSKRQHZKLFKFDQDFWDVDQ LQGLYLGXDO WHPSRUDU\GDWDFHQWHUDQGSHUIRUPSULPDU\DQDO\VLV
7KHVPDUWSKRQHFDQDOVRWUDQVPLWWKHSUHOLPLQDU\GDWDZLUHOHVVO\WRDPRQLWRULQJVHUYHUIRUIXUWKHUDQDO\VLV:KHQ










7KH UHVXOWV RI WKH H[SHULPHQW LQGLFDWHG WKDW WKH GHWHFWLRQ DFFXUDF\ RI WKH 690D DOJRULWKP IRU WKH VOHHSLQHVV
IDWLJXH QRUPDO DQG LQHEULDWLRQ VWDWXVHV ZHUH    DQG  UHVSHFWLYHO\ 7KH DOJRULWKP
SHUIRUPHGVDWLVIDFWRULO\ IRU WKHVOHHSLQHVVDQGIDWLJXHVWDWXVHVEXWXQVDWLVIDFWRULO\ IRU WKHQRUPDODQG LQHEULDWLRQ
VWDWXVHV7KHGHFUHDVHLQ WKHGHWHFWLRQTXDOLW\PD\EHDWWULEXWHGWRIDLOXUHRI WKHH[SHULPHQWIDFLOLWDWRU WR LGHQWLI\
VRPH SRUWHQWV EHFDXVH WKH\ZHUH QRW DV REYLRXV LQ WKH QRUPDO DQG LQHEULDWLRQ VWDWXVHV DV LQ WKH VOHHSLQHVV DQG
IDWLJXHVWDWXVHV2YHUDOODOOSRUWHQWVLHGHWHFWLRQWDUJHWVZHUHVXFFHVVIXOO\GHWHFWHGLQDOOVWDWXVHVEXWZLWK
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